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ABSTRACT 
P re l imina ry  r e s u l t s  q r e  presented  o f  some tes t s  which 
have been made t o  determine t h e  f e a s i b i l i t y  of us ing  an  image 
i n t e n s i f i e r  camera t o  photograph showers developing w i t h i n  an  
i o n i z a t i o n  c a l o r i m e t e r  con ta in ing  l a r g e  s h e e t s  o f  p l a s t i c  
s c i n t i l l a t o r .  The camera u t i l i z e s  a n  EM1 9 6 9 4 B  image i n t e n s i -  
f i e r ,  a fou r - s t age  cascade type  wi th  magnetic focus ing .  The 
f i r s t  t h r e e  s t a g e s  o f  t h e  i n t e n s i f i e r  are ope ra t ed  wi th  a 
s t eady  v o l t a g e  and t h e  l a s t  s t a g e  i s  pulsed .  I n  t h e  t es t s  
the camera i s  used t o  view t h e  shorter edge of a s h e e t  o f  
P i l o t  Y p l a s t i c  s c i n t i l l a t o r  91 .5  c m  x 1 8 3  c m  and 2 . 5  c m  
t h i c k .  Showers of  v a r i o u s  s i z e s  o c c u r r i n g  w i t h i n  t h e  s c i n t i l -  
l a t o r  are s imula ted  by a nanosecond l i g h t  source  of a p p r o p r i a t e  
s i z e  which i s  i n s e r t e d  i n t o  ho le s  i n  t h e  s c i n t i l l a t o r .  The 
i n t e n s i t y  of  t h e  source  i s  c a l i b r a t e d  us ing  a photomult i -  
p l i e r  t o  compare’the l i g h t  ou tpu t  of t he  source  w i t h  t h a t  
from s i n g l e  muons t r a v e r s i n g  t h e  s c i n t i l l a t o r .  A l l  t h e  t es t s  
were made w i t h  t h e  source  nea r  t h e  l e n s  a x i s .  T h e  t e s t s  show 
t h a t  w i th  t h e  o p t i c a l  system a n t i c i p a t e d  t o  be used i n  t h e  
f i n a l  a p p l i c a t i o n  t h e  t h r e s h o l d  f o r  shower ‘ d e t e c t i o n  seems t o  
be s u f f i c i e n t l y  low and t h e  image s i z e  s i f f i c i e n t l y  s m a l l  t o  
enab le  t h e  system t o  be used ove r  t h e  r e q u i r e d  dep th  of f i e l d  
t o  o b t a i n  space and energy r e s o l u t i o n  of showers t h a t  occur  
s imul taneous ly  w i t h i n  t h e  calorimeter wi th  e n e r g i e s  around 
1 0  TeV. 
I N T R O D U C T I O N  
S ince  1 9 5 8  when i o n i z a t i o n  spec t romete r s  (ca lor ime. te rs )  
in t roduced  t o  s tudy  u l t r a  h igh  energy i n t e r a c t i o n s  (Grigorov 
w e r e  
e t  a l .  --
1 9 5 8 1 ,  most c a l o r i m e t e r s  have employed c rossed  i o n i z a t i o n  chambers 
t o  sample t h e  i o n i z a t i o n .  Such dev ices  r e q u i r e  a l a r g e  amount o f  
e l e c t r o n i c  c i r c u i t r y  t o  measure t h e  p u l s e  h e i g h t s  from t h e  i o n i -  
z a t i o n  chambers. Probably because of  t h i s  complexity and t h e  num- 
ber of i o n i z a t i o n  chambers r e q u i r e d ,  t h e  number of  sampling l a y e r s  
i n  these c a l o r i m e t e r s  i s  u s u a l l y  r a t h e r  s m a l l ,  and t h e  space r e so -  
l u t i o n  of cascades  w i t h i n  t h e  c a l o r i m e t e r  i s  around 1 0 - 2 0  c m .  
These problems might be eased by employing l a y e r s  of p l a s t i c  s c i n -  
t i l l a t o r  used w i t h  p h o t o m u l t i p l i e r s  t o  sample t h e  i o n i z a t i o n  and, 
i n  a d d i t i o n ,  by d i r e c t l y  photographing w i t h  t h e  a i d  of  image i n t e n -  
s i f ie rs  t h e  cascades  as t h e y  pass  through t h e  s c i n t i l l a t o r . 2  
approach w i l l  be used f o r  a c a l o r i m e t e r  under c o n s t r u c t i o n  which 
w i l l  be ope ra t ed  a t  a h igh  mountain a l t i t u d e  i n  an  experiment 
designed f o r  s tudy ing  p r o p e r t i e s  of gamma ra’ys emi t t ed  from t h e  
i n t e r a c t i o n s  of hadrons of known u l t r a  h igh  energy. The primary 
e n e r g i e s  t o  be s tud ied  w i l l  be around 1 0  TeV. A t  these e n e r g i e s  
it is  t o  be expected t h a t  t h e  primary p a r t i c l e s  w i l l  be members 
of  an a i r  shower and have s e p a r a t i o n s  of t h e  o r d e r  of 5-10 c m .  
Thus, adequate  space  and energy r e s o l u t i o n  of i n d i v i d u a l  cascades  
T h i s  
. 
occur r ing  s imul taneous ly  w i t h i n  t h e  calorimeter i s  e s s e n t a i l .  
This  paper  d e s c r i b e s  r e s u l t s  of p re l imina ry  t es t s  t o  de te rmine  
t h e  f e a s i b i l i t y  of  t h i s  des ign  for a calorimeter employing s c i n t i l -  
l a t o r  s h e e t s  91.5 c m  x 183 c m  and 2.5 c m  t h i c k .  For t h i s ,  showers 
a 
1 
are s imula ted  w i t h i n  t h e  s c i n t i l l a t o r  and photographed w i t h  an  
image i n t e n s i f i e r  and camera system t o  de termine  
a )  t h a t  t h e  t h r e s h o l d  shower s i z e  i s  s u f f i c i e n t l y  l o w  so 
t h a t  one may o b t a i n  a u s a b l e  image of t h e  shower n e a r  t h e  shower 
maximum as w e l l  as a t  o t h e r  depths  i n  t h e  c a l o r i m e t e r ,  
b )  t h a t  one can o b t a i n  a dep th  of f i e l d  of 1 8 3  c m  f o r  r i g h t -  
ang le  s t e r e o s c o p i c  photography of t h e  c a l o r i m e t e r ,  and 
c )  t h a t  t h e  s p a t i a l  r e s o l u t i o n  of t h e  system i s  s u f f i c i e n t ,  
APPARATUS 
A schematic  diagram of  t h e  appa ra tus  i s  shown i n  F ig .  1. 
Light  emi t t ed  w i t h i n  t h e  s c i n t i l l A t o r  i s  imaged onto  t h e  i n p u t  
photocathode of a n  EM1 9694B image i n t e n s i f i e r  (Randal l  1966). 
T h i s  i s  a fou r - s t age ,  cascade-type tube  employing magnetic focus ing .  
It i s  ope ra t ed  wi th  a g a i n  of about  lo6, a l lowing  t h e  images of  
s i n g l e  pho toe lec t rons  from t h e  i n p u t  photocathode t o  be photo- 
graphed. 
The tube  i s  pulsed  i n  t h e  manner employed a t  CERN (Gygi and 
Schneider  1966) i n  photographing an i s o t r o p i c  spa rk  chamber. A 
c o n s t a n t  30  kV p o t e n t i a l  d i f f e r e n c e  i s  a p p l i e d  across t h e  f i rs t  
t h r e e  s t a g e s ,  and t h e  l as t  s t a g e  i s  rendered  o p e r a t i v e  by t h e  ap- 
p l i c a t i o n  of a 1 0  kV p u l s e  having a r ise t i m e  of about  50 vsec and a 
d u r a t i o n  of  about  5 m s e c  With t h e  l a s t  s t a g e  i n o p e r a t i v e  n o i s e  photo- 
e l e c t r o n s  emi t t ed  from t h e  photocathode are ampl i f i ed  by t h e  f i rs t  
t h r e e  s t a g e s  of t h e  i n t e n s i f i e r ;  however, t h e s e  ampl i f i ed  pho toe lec t rons  
cannot  r e a c h  t h e  s c r e e n  of t h e  l a s t  s t a g e ,  I n  t h e  a c t u a l  experiment 
the last stage is pulsed when a certain threshold amount of 
ionization energy loss  has occurred within the calorimeter. 
The optical parameters of the system were partially determined 
by the dimensions of the ionization calorimeter and the 5 cm 
diameter of the photocathode of the image intensifier. A Dallmeyer 
(Rareac) f/1.9 lens with a 10.2 cm focal length is used at full 
aperture with an object-to-image ratio of 31 to focus light emitted 
within the scintillator onto the phqtocathode, The output screen 
of the intensifier is photographed on 35 mm Kodak 2475 film with 
a Dallmeyer (Oscilac) f / l  lens with a focal length of 5.1 cm used 
at full aperture and at an object-to-image ratio of 2. 
To test the system a light source has been constructed to 
simulate ultra high energy showers in the scintillator. For this 
a PEK 118-TR Nanosecond Light Source3 is used with a Huggins Nano- 
second Pulse Generator4 to produce light pulses which can be varied 
in intensity over about two orders of magnitude and in width from 
2 to 10 nsec. The light spectrum emitted by the source is similar 
to that of hydrogen. Because the actual source of light has 
dimensions of the order of 1 mm, it must be enlarged by means of a 
suitable diffuser similar i s  size to the portion of a shower that 
passes through one of the scintillator layers of the calorimeter. 
The theoretical radial distribution curves for pure electro- 
magnetic cascades (Kamata and Nishimura 1958) give for cascades 
with s = O.6-1.0 a full width at half maximum of 0.2 Moliere units. 
F o r  the glass absorber of the calorimeter, this corresponds to 
about 2.5 cm, Hence, the PEK light source was embedded in a 
diffusing cylinder with a diameter of 2.5 cm and a height of 2.5 
cm, the thickness of the scintillator. This cylinder was made 
from transparent silicone rubber potting compound in which MgO 
particles are suspended, In the tests, this source is inserted 
in various holes that have been drilled in a 91.5 cm x'183 cm sheet 
of Pilot Y scintillator, chosen for its low light attenuation. 
The light source is calibrated as follows: A photomultiplier 
is set up to view the edge of the scintillator, and the pulse height 
distribution is taken for muons passing through a limited region of 
the scintillator defined by a scintillation telescope. Then the 
PEK source is inserted into a ho le  in the scintillator in the 
center of the region. 
PEK source operated at various voltage settings of the Huggins 
pulser. Comparison of the position of the peak of a PEK source 
pulse height spectrum with the position of the peak of the muon 
spectrum gives the calibration of the PEK sourse in terms of 
equivalent number of ionizing particles f o r  a given setting of the 
Huggins pulser. 
Pulse height distributions are taken with the 
RESULTS 
A test was made to determine the equivalent shower size 
required to produce on the average one recorded photoelectron. 
This minimum detectable shower size was found by counting the images 
of individual photoelectrons. The results are shown in Fig. 2 in 
which this threshold shower size is plotted versus distance along 
the lens axis from the*(front) edge of the scintillator nearest 
t h e  camera. It can bd seen  t h a t  t h e  minimum shower s i z e  v a r i e s  
from 2 3  shower p a r t i c l e s  when the  l i g h t  source  i s  n e a r  t h e  f r o n t  
edge of  t h e  s c i n t i l l a t o r  t o  about  45 p a r t i c l e s  when t h e  l i g h t  
source  i s  nea r  t h e  back edge of t h e  s c i n t i l l a t o r .  I n  t h e  apf ia ra tus  
t o  be used i n  t h e  experiment a m i r r o r  system wi th  a t r a n s m i s s i o n  of 
about  7 0 %  w i l l  be used i n  a d d i t i o n  t o  t h e  o p t i c a l  system used i n  
these tes ts .  Hence, t h e  expected t h r e s h o l d  i n  t h e  experiment w i l l  
be inc reased  by about  4 3 % ,  changing t h e  above t h r e s h o l d s  t o  33 and 
6 6 , r e s p e c t i v e l y .  I n  t h e  experiment t h e  showers of i n t e r e s t  w i l l  
have e n e r g i e s  around 1 0  TeV and c o n t a i n  approximately 1 0 , 0 0 0  
shower p a r t i c l e s  a t  maximum development. Thus, i n  t h e  photograph 
of  such a t y p i c a l  shower, t h e  shower i n  a s c i n t i l l a t o r  a t  t h e  
p o s i t i o n  of maximum shower development w i l l  g i v e  r i s e  t o  t h e  images 
of  about  2 0 0  p h o t o e l e c t r o n s .  This  i s  expected t o  be adequate  for 
photometr ic  e v a l u a t i o n  of t h e  shower images for t h e  purposes  of 
t h e  experiment .  Correspondingly fewer pho toe lec t ron  images w i l l  
be recorded  f o r  each of t h e  o t h e r  s c i n t i l l a t o r  l a y e r s  i n  which 
t h e  t h r e s h o l d  p a r t i c l e  number has been exceeded. 
An i n v e s t i g a t i o n  w a s  made of t h e  v a r i a t i o n  o f  t h e  width of t h e  
recorded  image w i t h  p o s i t i o n  and e q u i v a l e n t  shower s i z e .  T h i s  w a s  
done by measuring t h e  width of t h e  images of t h e  s imula ted  showers 
on t h e  f i l m  used i n  photographing t h e  o u t p u t  s c reen  o f t h e  i n t e n s i -  
f i e r .  The r e s u l t s  are shown i n  F ig .  3 .  The image width p l o t t e d  i s  
t h e  width of t h e  image a t  t h e  p o s i t i o n  o f  t h e  o b j e c t .  I t  can be 
seen t h a t  t h e r e  i s  no e s s e n t i a l  v a r i a t i o n  of image s i z e  when t h e  
source  i s  changed from t h e  p o s i t i o n  of  best f o c u s  ( 4 8  c m  f r o m  t h e  
f r o n t  edge o f  t h e  s c i n t i l l a t o r )  t o  a p o s i t i o n  nea r  t h e  f r o n t  of  
t h e  f i e l d  photographed. A maximum 2 c m  i n c r e a s e  a t  t h e  extremes 
of t h e  f i e l d  photographed expected f r o m  t h e  c a l c u l a t e d  s i z e  of t h e  
c i r c l e  of confus ion  does not  occur .  Th i s  can be a r e s u l t  of  t h e  
i n t e r p l a y  of a number of f a c t o r s :  t h e  non idea l  l e n s e s  used,  t h e  
r eco rd ing  t h r e s h o l d  of t h e  image i n t e n s i f i e r ,  and t h e  r eco rd ing  
t h r e s h o l d  of  t h e  f i l m .  A s  t h e  i n t e n s i t y  of t h e  source  i s  i n c r e a s e d ,  
one sees a d e f i n i t e  i n c r e a s e  i n  image width from about  2 . 0  c m  f o r  
an i n t e n s i t y  cor responding  t o  1 0 0 0  p a r t i c l e s  t o  4 .4  c m  f o r  an  
i n t e n s i t y  cor responding  t o  1 0 , 0 0 0  p a r t i c l e s .  This  i n c r e a s e  i n  
image s i z e  can be a t t r i b u t e d  p a r t l y  t o  t h e  i n c r e a s e  i n  t he  s i z e  o f  
t h e  c e n t r a l  r e g i o n  o f  t h e  source  w i t h i n  which t h e  l i g h t  i n t e n s i t y  
i s  above t h e  t h r e s h o l d  o f  o u r  d e t e c t i o n  system. Other f a c t o r s  con- 
t r i b u t i n g  t o  t h i s  are ad jacency  e f fec ts  such as o p t i c a l  t u r b i d i t y  
of t h e  r e c o r d i n g  f i l m  and an  analogous effect  invo lv ing  t h e  phos- 
phors of  t h e  image i n t e n s i f i e r .  T o  t h e  e x t e n t  t h a t  t h e  PEK source  
r e p r e s e n t s  a c t u a l  showers one can expec t  t h a t  from a photograph of  
a s i n g l e  s c i n t i l l a t o r  l a y e r  t aken  wi th  t h e  image i n t e n s i f i e r  camera 
it w i l l  be p o s s i b l e  t o  r e s o l v e  t w o  1 0  TeV cascades  wi th  axes  which 
are  s e p a r a t e d  by more t h a n  4 . 4  c m .  
CONCLUSIONS 
With t h e  system d e s c r i b e d  t h e  thresholdfcor, shower d e t e c t i o n  
seems t o  be s u f f i c i e n t l y  low and t h e  image s i z e  s u f f i c i e n t l y  s m a l l  
t o  enab le  
t o  o b t a i n  space  and energy r e s o l u t i o n  of showers t h a t  occu r  
s imul taneous ly  w i t h i n  t h e  calorimeter. 
t h e  system t o  be used o v e r  t h e  r e q u i r e d  dep th  of f i e l d  
U s e  of a l a r g e r  d iameter  image t u b e  wi th  t h e  p r e s e n t  system 
would r e s u l t  i n  a much lower r eco rd ing  t h r e s h o l d  and a l low t h e  
. system t o  be used a t  lower e n e r g i e s ,  
When used wi th  an  a p p r o p r i a t e  mirror  a r r a y ,  t h i s  system 
posses ses  t h e  advantage t h a t  it makes it p o s s i b l e  t o  r e c o r d  showers 
i n  a g r e a t  number of s c i n t i l l a t o r  l a y e r s  i n  a calorimeter wi th  on ly  
one image i n t e n s i f i e r  and camera viewing each s i d e  of t h e  calorimeter. 
Th i s  should r e s u l t  i n  cons ide rab le  s t a b i l i t y  and r e l i a b i l i t y  of t h e  
measuring system. 
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FIGURE CAPTIONS 
F ig .  1. Schematic diagram of t h e  arrangement used i n  t h e  p r e l i -  
minary tests of t h e  s c i n t i l l a t o r - i m a g e  i n t e n s i f i e r  system. 
F ig .  2.  Threshold e q u i v a l e n t  shower s i z e  v e r s u s  d i s t a n c e  a long  
t h e  l e n s  a x i s  from t h e  f r o n t  edge of t h e  s c i n t i l l a t o r .  
Fig.  3 .  V a r i a t i o n  of t h e  image s i z e  a t  t h e  p o s i t i o n  of t h e  object ,  
w i th  p o s i t i o n  and e q u i v a l e n t  shower s i z e .  The s o l i d  circles are 
f o r  t h e  o b j e c t  a t  t h e  p o s i t i o n  of best  f o c u s ,  and t h e  s o l i d  squa res  
f o r  t h e  o b j e c t  nea r  t h e  f r o n t  of t h e  f i e l d  photographed. The s i z e  
o f  t h e  p o i n t s  i n d i c a t e s  t h e  s ta t i s t ica l  errors i n  t h e  image s i z e  
measurements, 
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